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METHOD FOR ADJUSTING THE SCANNING FREQUENCY AND/OR SCANNING 
PHASE OF A DIGITAL IMAGE REPRODUCING DEVICE 

[001] The following disclosure is based on German Patent Application No. 

10260595.5, filed on December 23, 2002, which is incorporated into this application 
by reference. 

FIELD OF AND BACKGROUND OF THE INVENTION 

[002] The invention relates to a method and an arrangement for adjusting the 

scanning frequency and/or scanning phase of an analog/digital converter of an image 
reproducing device. This image reproducing device has a digitally controlled display 
for displaying an image of a predefined number of lines and a predefined number of 
pixels per line. Therein, the image reproducing device receives digital image data 
from the analog/digital converter. The analog/digital converter generates the digital 
image data by scanning an analog video signal, which is applied to the image 
reproducing device, using a scanning signal of the scanning frequency and the 
scanning phase. Therein, the digital image data are buffered in an image memory. 

[003] To reproduce an image on the screen of a monitor tube, the video signal must 

be in analog form. As a result, in particular in personal computers, analog video 
signals must be generated if the respective images are to be reproduced on a monitor 
tube. The increasingly common flat screens, however, such as LC, OLED or plasma 
displays, which have fixed pixels that form a matrix, require a digital signal for their 
control. As a result, a video signal that is present in analog form must be converted 
into a digital signal so as to display an image on a flat screen. 



The conversion of the analog signal into a digital signal regularly takes place 
in an analog/digital converter, in which the analog video signal is scanned using a 
scanning signal of a specific scanning frequency and scanning phase. It is important 
for the quality of the representation of an analog video signal on a flat screen, that the 
phase and the frequency of the scanning signal are optimally adjusted. 

Due to the many different forms of analog video signals, it is almost 
impossible to preset the optimal frequency and phase of the scanning signal. 
Therefore, the adjustment of the optimal frequency and phase must take place when 
the image is reproduced. The result of the adjustment, however, strongly depends on 
the content of the image to be reproduced on the flat screen. 

Conventional methods for automatically adjusting the scanning frequency do 
not ensure that the adjustment is performed with suitable images. 

OBJECTS OF THE INVENTION 

It is one object of the invention to provide a method and an arrangement such 
that the scanning frequency of an analog/digital converter of an image reproducing 
device is readily adjustable. Therein, the image reproducing device has a digitally 
controlled display for displaying an image that has a predefined number of lines and a 
predefined number of pixels per line. 

SUMMARY OF THE INVENTION 

According to one formulation of the present invention, this and other objects 
are achieved by a method for adjusting the scanning frequency and/or the scanning 
phase of an analog/digital converter of an image -reproducing device. The image- 
reproducing device is equipped with a digitally controlled display for displaying an 
image that has a predefined number of lines and a predefined number of pixels per 
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line. This digitally controlled display receives its digital image data from the 
analog/digital converter. The analog/digital converter generates the digital image data 
by scanning with a scanning signal, which has a scanning frequency and a scanning 
phase of an analog video signal that is applied to the image -reproducing device. The 
digital image data are buffered in an image memory. A predefined video signal is 
applied to the image-reproducing device, and the digital image data that are buffered 
in the image memory are compared with predefined data that correspond to the 
predefined video signal. The scanning frequency is adjusted until the comparison of 
the data results in a sufficient match. 

[009] Applying a predefined video signal to the image-reproducing device has the 

advantage that it is predictable how the digital image data buffered in the image 
memory have to be configured. Thus, by comparing the digital image data buffered in 
the image memory with predefined data that correspond to the predefined video 
signal, it is possible to determine whether the scanning frequency used to scan the 
predefined video signal is correct or optimal. If this comparison shows that the data 
does not match, or does not sufficiently match, the scanning frequency is adjusted 
until the comparison of the data shows a sufficient match. 

[010] Thus, the predefined video signal that is applied to the image-reproducing 

device can be used to make a specific correction in the scanning frequency, if 
necessary. It is particularly easy to check and, where applicable, correct the scanning 
frequency, if the predefined video signal corresponds to a test image that has a regular 
pattern in horizontal direction. Therein, in an exemplary embodiment of the invention, 
a marking is provided in the area of the right edge of the test image. The regular 
pattern greatly simplifies the comparison according to the invention. The marking in 
the right edge area of the test image makes it easy to find the end of a line, so that the 
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image data at the end of a line can be specifically compared. Since the error caused by 
an incorrectly adjusted scanning frequency is especially large at the end of the line 
due to cumulation, comparing the image data at the end of the line enables a very fine 
correction of the scanning frequency. In a particularly advantageous embodiment, the 
marking forms the end of a line because it enables the end of the line to be reliably 
detected, which simplifies the comparison. 

[Oil] In another particularly advantageous embodiment of the invention, the pattern 

is formed in that the pixels in a line have alternating and different brightness values, 
and in that the marking has several pixels with the same brightness. Such a pattern is 
particularly easy to evaluate because the image content is very simple but provides 
nevertheless enough information to carry out the method according to the invention. 

[012] In this latter embodiment, it is particularly advantageous if the brightness 

values differ by a maximum possible value. In practice, this means that the brightness 
values of the pixels alternately correspond to a minimum white level and a maximum 
white level or a black level. This makes it particularly easy to determine the pixel 
boundaries. 

[013] In another exemplary embodiment of the invention, the test image is adapted 

to the resolution, which is determined by the respective number of lines and pixels per 
line set for the display. This makes it possible to automatically carry out the method 
according to the invention for differently sized flat screens. 

[014] In a particularly advantageous embodiment of the invention, a predefined 

number of successive pixels of a line of the test image is checked for a match with the 
predefined data. To minimize the effects of a possibly large deviation of the scanning 
frequency from the optimal scanning frequency, it is particularly advantageous to 
check the first pixels of a line of the test image for a match with the predefined data. 



If this check shows, for example, that the first ten pixels of a line of the test image 
match the first ten pixels of the predefined data, then the scanning frequency is 
substantially correctly adjusted. If the comparison does not result in a match, then the 
scanning frequency must be adjusted until a match is obtained. 

[015] In another exemplary embodiment of the invention, prior to checking the 

predefined number of successive pixels of a line of the test image for a match with the 
predefined data, the brightness value for a pixel detected by the scanning signal is 
measured, the phase of the scanning signal is increased until the brightness value of 
the pixel changes, the original phase is reset and subsequently reduced until the 
brightness of the pixel changes again, and the phase is adjusted to correspond to the 
mean or average value of the two boundary values. As a result, the scanning occurs 
precisely in the center of the pixel, such that a minor shift of the scanning frequency 

■ 

does not cause the scanning signal to scan a different pixel. 

[016] In yet another advantageous embodiment, if checking the first pixels shows 

that the scanning frequency is adjusted substantially correctly, then the marking in the 
end area of the line is checked for a match with the predefined data. The cumulation 
of any error that is present as a result of an incorrect scanning frequency makes it easy 
to recognize a frequency deviation at the end of the line, so that a fine adjustment of 
the scanning frequency can be performed. 

[017] Advantageously, in another exemplary embodiment of the invention, if the 

respective pixels of the test image match the predefined data, a further fine adjustment 
of the scanning frequency is made by increasing and decreasing the phase of the 
scanning signal by approximately one quarter of the adjustment range that is defined 
by the two boundary values. Therein, if the respectively measured brightness value of 
a pixel changes, the scanning frequency is adjusted. 



. [018] According to another formulation of the present invention, this and other 

objects are achieved by a device for adjusting the scanning frequency and/or the 
scanning phase of an analog/digital converter of an image-reproducing device. 
Therein, the image-reproducing device has a digitally controlled display for 
displaying an image of a predefined number of lines and a predefined number of 
pixels per line. This digitally controlled display receives digital image data from the 
analog/digital converter. The analog/digital converter generates the digital image data 
by scanning with a scanning signal that has a scanning frequency and scanning phase 
of an analog video signal that is applied to the image-reproducing device. The digital 
image data are buffered in an image memory, and a display generator generates a 
predefined video signal, which is applied to the image-reproducing device and 
' converted into digital image data. A comparison data memory stores predefined data 

for comparison with the digital image data. 

[019] Due to the image generator for generating a predefined video signal, which is 

applied to the image-reproducing device and converted into digital image data, a test 
image is generated in an easy manner, which is required for carrying out the method 
according to the invention. The test image can be generated, for example, in a 
personal computer that has suitable software. The test image can also be produced 
using corresponding hardware components. 

[020] Due to the comparison data memory, which stores predefined data so as to be 

able to compare the predefined data with the digital image data, the test image can be 
evaluated in a simple manner. The predefined data can be stored as image data in the 
form of a matrix. The predefined data can also be stored in the form of an algorithm 
that makes the respectively required predefined data available. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[021] Further details, features and advantages of the present invention will now be 

described, by way of example, with reference to an exemplary embodiment depicted 
in the drawings, in which: 

FIG 1 shows a schematic representation of an exemplary arrangement or device 
according to the invention; and 

FIG 2 shows a test image. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[022] As shown in FIG 1, an image memory 2 supplies image data to a display 1, 

which has digitally controlled pixels that are arranged in a matrix. The digital image 
data are buffered in the image memory 2. Therein, the image data are formed in an 
analog/digital converter 3 from a predefined analog video signal 6a, which 
corresponds to a test image 8 (see Fig. 2). 

[023] The analog/digital converter 3 is connected to a processor 4, which supplies 

the analog/digital converter 3 with a first signal 4a for adjusting the scanning 
frequency of the analog/digital converter 3, and with a second signal 4b for adjusting 
the phase of the scanning signal. The processor 4 is connected to the image memory 2, 
such that the processor 4 can read the digital image data that are buffered in the image 
memory 2. The processor 4 is also connected to a comparison data memory 5, from 
which the processor 4 can read data and into which the processor 4 can write data. 

[024] The processor 4 receives the data that are written into the comparison data 

memory 5 from a personal computer 7, with which the processor 4 is connected via a 
communications interface 7E. The digital data written into the comparison data 
memory 5 correspond to the test image 8, which is generated in an image generator 6 



of the personal computer 7. As previously mentioned, the analog video signal 6a of 
the test image 8 is applied to the analog/digital converter 3. 

The basic structure of the test image 8 is illustrated in FIG 2. The test image 8 
has alternating white and black bars. In the case of an 8-bit converter and under 
optimal conditions, the brightness value of a white bar is 255, whereas the brightness 
value of a black bar is 0. The test image has 1280 bars, such that, for a resolution of 
1280 by 1024, the width of a bar corresponds to one pixel. However, at the right edge 
of the test image 8, four consecutive white bars 9 are arranged so that each of the last 
four pixels of a line has a brightness value of 255. This allows for very precise 
determination of the end of a line. 

The test image 8 generated by the image generator 6 is adapted to the size of 
the display 1. As soon as the video signal 6a is applied to the analog/digital converter 
3, and as soon as the processor 4 receives the corresponding digital image data via the 
communications interface 7E and writes them into the comparison data memory 5, the 
processor 4 starts a matching procedure. 

Therein, the processor 4 determines the first pixel of a line of the digital image 
data of the test image, which is buffered in the image memory 2. Since the brightness 
value of this pixel corresponds to a white level or white value, this value, in the case 
of an 8-bit converter, is 255. Therefore, this pixel should be easy to find. Once the 
first pixel has been found, in order to adjust the phase of the analog/digital converter 
3, the second signal 4b of the processor 4 is increased until the scanned brightness 
value is reduced. The corresponding value of the output signal 4b of the processor 4 is 
buffered in the processor 4. Thereafter, the value of the second output signal 4b of the 
processor 4 is reduced until the brightness value of the pixel becomes smaller again. 
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By forming the average value of the current value and the previously stored value, the 
optimum adjustment (center position) of the phase of the scanning signal is obtained. 

After the phase of the scanning signal has been adjusted to its average value or 
mean value, the next nine pixels are scanned. In the case of an 8-bit converter, the 
following values should result for the first ten pixels, if the scanning frequency is 
adjusted approximately correctly: 255, 0, 255, 0, 255, 0, 255, 0, 255, 0. However, 
since the brightness values are not always optimal, slightly different values may 
result, e.g.: 250, 4, 248, 6, 246, 3, 253, 5, 252, 2. If this check produces different 
values, then the scanning frequency must be adjusted until these values are obtained. 

Since the structure of the test image 8 and the resolution used for the test 
image 8 are known, the position of the last white pixels of a respective line in the 
image memory 2 can be determined quite precisely. If the scanning of these pixels 
results in the brightness values of 255, then the scanning frequency is nearly optimal. 

To ensure that a light pixel is not just accidentally located in the last position 
of the line, the last six adjacent pixels are checked for their correct values. If this 
check shows that the last six pixels of a line have the brightness values 255, 0, 255, 
255, 255, 255, then the scanning frequency is adjusted correctly. If the check shows 
that the last six pixels have the brightness values 0, 255, 255, 255, 255, 0, then the 
scanning frequency is slightly too low. If the check shows that the last six pixels have 
the brightness values 0, 255, 0, 255, 255, 255, or 255, 0, 255, 0, 255, 255, the 
scanning frequency is slightly too high. Thus, the deviation of the actual scanning 
frequency from the correct scanning frequency can be calculated and easily corrected. 

If the above checks showed that the scanning frequency is correct, then, if 
necessary, the phase of the scanning signal can be further optimized so as to ensure a 
scanning reserve. Therein, the phase is increased and decreased by one quarter of the 



range for the optimal adjustment of the phase (the difference between the two 
determined values). If the scanned pattern is maintained, the frequency and phase of 
the scanning signal are optimally adjusted. If there are deviations, the frequency can 
still be slightly adjusted, if the resolution is high enough. If the frequency had to be 
corrected, there should be a final check of the phase adjustment at the first pixel of 
this line. 

The above description of the preferred embodiments has been given by way of 
example. From the disclosure given, those skilled in the art will not only understand 
the present invention and its attendant advantages, but will also find apparent various 
changes and modifications to the structures and methods disclosed. It is sought, 
therefore, to cover all such changes and modifications as fall within the spirit and 
scope of the invention, as defined by the appended claims, and equivalents thereof. 
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